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ABSTRACT 
 
 
Hunger and malnutrition have plagued the developing world for decades.  Not only are 
individuals not meeting their daily energy requirements, but individuals are also not meeting 
their daily micronutrient requirements.  Many researchers and health institutions recommend 
consuming a diverse diet to increase the likelihood of meeting nutritional requirements.  In the 
literature debate exists concerning whether households should focus on increasing income by 
commercializing and improve their diets by purchasing a more diverse mix of foods, or if 
households should diversify production at home in order to meet nutritional needs.  
 This thesis uses household data from Bukidnon, Philippines to develop a Production 
Diversity Score (PDS) that is used to examine the impact of farm biodiversity on an individual’s 
Dietary Diversity Score (DDS) and the likelihood that individuals are meeting their 
micronutrient needs.  The results suggest that compared to raising production diversity, a more 
effective route to increasing dietary diversity is to increase income and total expenditures of the 
household.  A relationship appears to exist between children’s diets and production diversity but 
the relationship is weak and varies with changes in the specification of the econometric model.   
Results suggest that to increase dietary diversity and the likelihood that individuals are meeting 
daily dietary needs, households should in fact commercialize and increase their incomes.  
Moreover, it appears that improvements in infrastructure could have a significant impact on diets 
in this study area. 
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Chapter 1  
 
 
Introduction 
  
 
Of an estimated 6.8 billion people in the world in 2011, the Food and Agricultural 
Organization of the United Nations (FAO) estimates that 925 million are unable to meet their 
daily energy intake requirements and are malnourished (2011a).  According to FAO calculations, 
in Asia and the Pacific alone 578 million people are undernourished, while additional 239 
million hungry people live in Sub-Saharan Africa.  From Figure 1, it becomes clear that despite a 
downward trend in the late 1960’s to the late 1990’s, hunger is now on the rise.  The world’s 
population is projected to grow to over 7 billion by the year 2015 (U.S. Census Bureau, 2010).  It 
remains unclear if the number of hungry people in the world will also continue to climb.  
In response to persistent malnutrition and often accompanying extreme poverty, the 
international community committed itself to the Millennium Development Goals in 2000. The 
first goal (MDG1) focuses on reversing extreme poverty and hunger by reducing by half the 
share of the world’s population that is hungry or living in extreme poverty by 2015 (FAO, 
2011a). As of 2010 numerous countries concentrated mainly in Sub-Saharan Africa, Asia and the 
Pacific have made insignificant or no progress towards MDG1 and some have actually seen their 
situation deteriorate (FAO, 2011d).   
In addition to energy undernourishment, millions of people worldwide suffer from micro-
nutrient deficiencies including vitamin A, iron and zinc deficiencies.  An estimated 2 billion 
people worldwide suffer from iron deficiency alone (World Health Organization, 2011).  
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Vitamin A, iron and zinc deficiencies are associated with a host of problems including impaired 
growth, diminished mental capacity and productivity, and death.   
To help address micronutrient deficiencies in developing countries, researchers 
developed a number of strategies such as biofortification of crops, industrial fortification, and 
vitamin supplementation.  These methods have had varying success but cost, technology and 
insufficient infrastructure lead most researchers to believe the best option to increase 
micronutrient intake is to encourage households to diversify their diets (Golden Rice, 2011; 
Harvest Plus, 2011). A diversified diet, as is usually achieved at a sufficiently high income level, 
usually ensures healthy micronutrient intake.  Specifically, households need to increase their 
consumption of vegetables, fruits and proteins in order to increase the likelihood that 
micronutrient needs are met.  After all, no one food, even a biofortified one or a supplement, 
contains all of the necessary nutrients required for a healthy diet, and public health institutions 
continue to “recommend variety or diversity in dietary patterns” to obtain an “optimal diet” 
(Kennedy, 2004). 
Whatever the benefits of dietary diversity, globally diets remain concentrated on a small 
number of foods. While there are literally thousands of plant foods, three plants, wheat, rice and 
maize, provide 60% of calories from plant sources (Frie and Becker, 2004; Frison, Smith, Johns, 
Cherfas, and Eyzaguirre, 2006).  A lack of dietary diversity increases the risk that intake of 
macronutrients and micronutrients that are essential for a healthy diet will be below 
recommended levels (Frison, et al., 2006; Swindale and Bilinsky, 2006; Steyn, Nel, Nantel, 
Kennedy, and Labadarios, 2006; Ruel, 2003). Relying on starchy staples and consuming few 
animal products, fruits and vegetables in one’s diet can lead to a host of problems due to the 
paucity of micronutrients in starchy staple foods.  Heavy reliance on starchy staples could be the 
 
 
3 
reason developing countries are plagued by persistent vitamin A, iron, and zinc deficiencies 
(Ruel, 2003). 
A variety of options exist to increase dietary diversity.  One option is to increase 
household income and access to well functioning markets.  The FAO (2011b) recognizes that 
enough food is currently produced to feed the world.  However, extreme poverty persists in 
developing countries leaving many without access to an appropriate combination of foods.  The 
World Bank (2011) estimates that 50.9% of the population in Sub-Saharan Africa in 2005 live on 
less than $1.25 purchasing power parity (PPP) a day.  In South Asia and East Asia and the 
Pacific, that rate is 40.3% and 16.8% respectively.  When a poverty line is increased to $2 (PPP) 
per day those numbers explode to 72.9% in Sub-Saharan Africa, 73.9% in South Asia and 38.7% 
in East Asia and the Pacific.  Increasing income can allow households to afford greater dietary 
diversity, potentially reducing hunger and malnutrition.   
A second option to increasing dietary diversity is to encourage households to increase the 
variety and diversity of livestock and crops produced by the household.  It is possible that a 
tradeoff may exist between increasing household income and production diversity of the 
household.  If households wish to increase income, the household may choose to narrow crop 
production to crops for which global demand and prices are high.  In doing so, the household 
could inadvertently reduce access to nutritious foods.   
By specializing, households may become dependent on markets to supply the foods that 
were once produced at home, and this dependency may cause an increase in food prices or at 
least vulnerability to price increases (von Braun, Kennedy and Bouis, 1992).  The household also 
faces increased transportation costs incurred in an effort to achieve a healthy diet.  An increase in 
food prices and transportation costs can reduce real income and purchasing power with respect to 
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certain foods, thereby leading to a further deterioration of micronutrient health. By growing a 
wide variety of diverse crops the household may have cheaper access to a diversified diet to the 
degree that a lower nominal income could allow better consumption.   
This paper examines whether increasing a household’s income or its production diversity 
is a more effective way to increase dietary diversity.  Central to the analysis is a comparison of 
the effects of household expenditures and household production diversity on the one hand and 
dietary diversity on the other.   
Production decisions do not rely on household consumption preferences alone. Instead 
the production diversity decision is influenced by global market factors as well as household 
consumption preferences and environmental constraints (Johns and Eyzaguirre, 2006). The FAO 
(2011c) expects many farmers to respond to the current increase in market prices by planting 
more cereals, soybeans, and potentially sugar and cotton.  In this case, households may be 
choosing between specialized production to generate higher income which can allow to 
improved diets through market purchases, or diversified production to improve access to 
nutritious food and lead to improved diets more directly.  It is not clear which, diversification or 
specialization, will have the greater nutritional impact.   
The road to eliminating malnutrition is not clear.  Cash cropping could generate 
additional income and can therefore help individuals afford better diets.  If additional income is 
spent on foods that are not nutrient dense or on non-food items, commercialization might result 
in undernutrition continuing to plague 15% of the world’s population.  Developing production 
systems to directly improve dietary quality might be another reasonable route to take.  
Diversifying a production base either by embracing traditional crops or turning to new food 
crops, could lead to improved dietary quality and in the end reduce malnutrition.  Conversely, 
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production diversification could come at the cost of commercialization and lead to lost income 
opportunities.  These opportunity costs could in turn further exacerbate poverty and hunger in the 
developing world. 
This thesis will attempt to identify a link between farm-biodiversity and dietary diversity 
while controlling for socio-economic factors.  An individual with a diverse diet is more likely to 
not only meet daily energy requirements, but also micronutrient requirements.  This can in turn 
lead to lower morbidity rates and greater productivity.  A household’s production and 
consumption decisions are unlikely to be strictly exogenous.  Therefore, this study will include 
both ordinary least squares (OLS) and a two stage least squares (2SLS) approaches in a 
multivariate regression analysis of the effects of production diversity and variety on dietary 
diversity and food variety, using data collected in Bukidnon, Philippines.   
 
 
 
 
 
 
 
  
 
 
6 
Chapter 2  
 
 
Production Diversity, Commercialization and 
Nutrition 
 
 
 In an effort to fight extreme poverty and malnutrition, some countries have promoted 
commercialization of low-income, semi-subsistence farmers.  While commercial production 
could be compatible with farm production diversity, it usually implies specialization and a 
narrowing of the production range.  Numerous studies have aimed to examine the effectiveness 
of commercialization in increasing incomes and improving nutrition.   
 
2.1 Impact of Commercialization on Income 
A significant reason households choose to specialize is the hope to capture the additional 
income normally accompanying commercialization of agriculture.  Kennedy, Bouis and Von 
Braun (1992) found that households could realize a significant increase in income from cash 
cropping in their analysis of households in the Philippines, Gambia, Kenya, Malawi, Guatemala, 
and Kenya.  In Guatemala income was 25% higher in households who adopted a cash-cropping 
scheme.   
Not all households will benefit from commercialization initiatives, however. Instead, this 
additional income could potentially be attributed to either the adoption of a cash crop or to the 
fact that commercializing households might have a larger asset base that better allows them to 
adopt the cash crop in the first place.  This implies that the poor who would benefit the most 
from the additional income might not capture a significant share of the gains from 
commercialization. Moreover, additional income is not always realized with commercialization.  
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Von Braun, Kennedy, and Bouis (1992) found that whereas Guatemalan households profited by 
25% by commercializing, households in Malawi experienced no significant differences in their 
income compared to their non-participant counterparts.   
When increases in real income are realized following commercialization is this increase 
enough to significantly change nutritional status?  To answer this, Kennedy, Bouis and von 
Braun (1992) used height-for-age, weight-for-age and weight-for-height Z-scores to examine the 
effect of cash cropping schemes across the six countries in their study.  In their analysis, when 
nutrition was statistically significantly linked to income, the effect on preschoolers’ nutrition 
might seem small.  The authors found that in the Philippines a 100% increase in income would 
lead to a 9% increase in calorie intake, which in turn would translate into a 4% increase in Z-
scores.  Their results provide further evidence that increased income is not a sufficient condition 
for improving nutrition, but could improve anthropomorphic measures over time.   
 Bouis and Haddad (1990) found similar results in their analysis of preschoolers in 
households adopting sugar production in the Philippines.  The authors found a strong association 
between income and height-for-age Z-scores for children less than a year old. Specifically, a 
doubling of income led to a 5% improvement in weight-for-height.  However, this positive effect 
was lost once children reached the age of five potentially due to increased incidence of child 
morbidity in sugar producing households.   
If farmers choose to commercialize, access to markets can contribute to the effectiveness 
of commercialization on improving nutritional status.  Grossman (1998) observed that in an 
analysis of 316 women living in the Caribbean, that the women obtained 60% of foods that 
supplied carbohydrates and 67% of foods that supplied animal protein from imported foods.  
Furthermore women’s own gardens and livestock supplied only 25% of food items, 
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demonstrating that if dietary diversity is to be maintained, markets must be developed or farmers 
must maintain a diverse crop base to meet their nutritional needs.  The study found that income 
was strongly and positively correlated with dietary diversity when the majority of the food is 
market sourced. No strong evidence has been found that commercialization has dramatic 
negative effects on nutrition, however, empirical evidence remains mixed on the potential of 
commercialization to significantly improve nutrition especially if access to markets is limited. 
 
2.2 Effects of Commercialization on Production 
The effectiveness of commercialization for improving nutrition depends on the type of 
crop being grown, access to markets, and the ability to increase income in the poorest 
households, among other factors.  Few studies have gauged how the decision to adopt cash 
cropping has affected production diversity.  Because cash crops for sale and those for own 
consumption compete for land and resources it is possible that commercialization will reduce 
production diversity and households will depend increasingly on costly or unreliable markets to 
supply food.  However, additional income generated from cash cropping activities might allow 
households to purchase inputs such as fertilizer, which can be applied to home gardens thereby 
increasing yields on less land and encouraging diversification.  Moreover, households can 
continue to produce a wide variety of crops as a type of insurance in case crops fail or market 
prices for cash crops fall.   
 In DeWalt’s (1993) analyses of studies focusing on commercialization and nutrition, she 
found that an increase in land used to grow cash crops often led to an increase in per capita staple 
food production.  Conversely, areas that reduced land used for cash crops experienced a decrease 
in per capita staple food production.  Orr (2000) found in Malawi, that cash cropping could in 
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fact provide greater access to fertilizer. Farmers might divert some of that fertilizer to personal 
gardens and improve their overall yield potentially increasing production diversity by freeing up 
land area.   
Additionally, food cash crops can become incorporated into the local diets and help 
households become more food secure (DeWalt, 1993).  Burley tobacco growers in Malawi were 
found to devote less land to traditional food crops, but were more likely to have a hybrid maize 
surplus.  This surplus was incorporated into the daily diet and became an important staple (Orr, 
2000).   Moreover, smallholders switching to a cash-cropping scheme are prone to maintaining 
subsistence food production (von Braun, Kennedy, and Bouis, 1990).  It is likely that households 
do this as a form of insurance in case crops fail. 
Increasing income can be attractive to households plagued by poverty.  Studies have 
shown that adapting a cash-cropping scheme can in fact be an effective route to boosting income.  
Additionally, it has not been shown that commercialization has a negative impact on nutrition.  
However, moving from subsistence agriculture to commercialization can pose a problem for 
producers.  As land and resources compete, households will have to decide how much of each to 
allocate to cash-crops and the crops grown for own consumption.  While some of the literature 
suggests that production diversity can be maintained, if these households chose to specialize and 
maximize the amount of income they can generate, they do so potentially at the cost of farm-
biodiversity.  This could leave households dependent on markets to supply foods previously 
grown by the household.  If the markets are not adequately developed or if crops fail in a given 
year, households may be left food deficit.  
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2.3 Impact of Agro-biodiversity on Nutrition 
 
The weak relationship between commercialization and improved nutrition raises the 
question as to whether production diversification affects dietary quality.  Farm-biodiversity can 
be defined as  
 
 “the cultivated plants and animals that form the raw material of agriculture, the wild 
foods and other products that are gathered by rural populations within traditional 
subsistence systems, as well as organisms such as pollinators and soil biota that are key to 
sustainable agroecosystems” (Johns and Eyzaguirre, 2006).   
 
In truth, farm-biodiversity is not limited to just rural areas and traditional subsistence 
systems, but includes diversity within and across species.  No clear link exists between dietary 
diversity and farm-biodiversity, however, some papers have attempted to examine what effect, if 
any, a household’s production decision has on nutrition. 
 Frie and Becker (2004) conducted a study in the Philippines that attempted to empirically 
link agro-biodiversity and nutritional status.  Focusing on measuring intraspecies agro-
biodiversity, information was collected on rice varieties grown in the area.  The authors were 
able to find differences in crude ash and phosphorus content between rice varieties, however, β-
carotene levels, a precursor to vitamin A, were very low in all varieties except for some of the 
colored varieties of rice.  Furthermore, Frie and Becker found that local diets incorporated a wide 
diversity of plants and animal products.  The authors postulate that while commercialization can 
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lead to a more diversified diet by increasing income, it is wrong to assume that diets are not 
diverse to begin with.  This study did not include an analysis of how production diversity has 
been affected by the introduction of high yielding cereal varieties for which global demand is 
high or how the overall level of production diversity has affected nutrition. 
Frie and Becker (2004) focused their attention on intraspecies biodiversity. While 
certainly important, greater nutritional impacts may emerge through interspecies variety. 
Moreover, many data sources do not differentiate within species making it particularly difficult 
to analyze crop diversity at that scale.  Furthermore, in the developing world many native plants 
are not taxonomically identified according to international standards making is difficult to 
compare nutritional content (Frison, E., et al., 2006). 
Mueller, Vounatsou, Smith and Allen (2001) identify more than 300 different agricultural 
systems based on crop and production characteristics in Papua New Guinea to provide evidence 
of the impact production diversity can have on nutritional outcomes.  The authors found that 
strong regional differences existed in agricultural production and concluded that these 
agricultural differences were partially responsible for differences in child growth.  The 
cultivation of such crops as cassava and sweet potato were positively correlated with child 
growth, while bananas, sago and taro were negatively correlated with child growth.  This is not 
surprising as some varieties of cassava and sweet potatoes are high in vitamin A.  Additionally, 
the cash crop Arabica coffee was found to be associated with considerable increases in weight as 
was cocoa.  The increase in income generated from cash cropping in Papa New Guinea remained 
largely with the farmers themselves and led to increased access of rice, tinned fish and meat.  
 Intercropping and technologies such as irrigation can help maintain production diversity 
alongside commercialization.  Connely (1992) found that in the Philippines, farmers who 
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adopted permanent irrigated rice were more likely to grow a larger variety of crops than their 
traditional swidden rice counterparts.  Irrigated rice farmers were able to put land that was 
typically left to fallow into production of coconuts, cashews and bananas.  Additionally, these 
farmers were able to sell these crops in the market as an additional source of income.  However, 
pressure from an increasing population could induce farmers to increase land area devoted to rice 
production at the cost of diversity in the Philippines. 
Zezza and Tasciotti (2010) further explored the link between agriculture production and 
nutrition.  Specifically, the authors postulated that engagement in urban agriculture might be a 
strategy for the urban poor to improve food security against adverse food prices. To identify a 
possible link between urban agriculture and food security, a dietary diversity score (DDS) and 
food variety score (FVS) were created.  To calculate DDS the authors classified food recall data 
into 13 food groups.  
 Controlling for socio-economic, demographic, and geographic factors, Zezza and 
Tasciotti found that participation in urban agriculture was positively associated with DDS and 
FVS in 10 and 11 developing countries respectively.  Positive and significant coefficients were 
found in four Latin American countries, five Asian countries, Nigeria and Ghana, and in Albania 
and Bulgaria.  However, the magnitudes of the coefficients varied widely.  The impact of 
engaging in urban agriculture on DDS ranged from 1-5% while the effect on FVS ranged from 6-
34%. 
 Additionally, higher calorie consumption from meat, fruit and vegetables were associated 
with urban agriculture in Bangladesh and Guatemala.  In Guatemala, urban agriculture was 
associated with higher calorie consumption from diary and staple products as well.  The authors 
conclude that a relationship exists between urban agriculture and indicators of dietary adequacy 
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and diversity.  Yet these results are likely to be sample specific.  For instance, in Madagascar, 
Malawi and Nigeria a negative and significant relationship was found between DDS, FVS and 
urban agriculture.  Similarly, regressions using data from Nicaragua found a negative association 
between urban agriculture and most of the outcome variables. 
 This research will build upon the work of Zezza and Tasciotti.  First, this analysis 
recognizes that the decision to participate in urban agriculture, or in this case farm-biodiversity, 
is not likely to be strictly exogenous.  A household who values dietary diversity will likely 
choose to diversify the variety of crops and livestock produced by the household to help meet 
dietary preferences.  To address the potential endogeneity, a two stage least squares (2SLS) 
approach will be compared to a direct ordinary least squares (OLS) approach.  Second, this 
econometric analysis will address the distributional concerns inherent in the use of a dietary 
diversity measure that is based on count data. 
 Despite the plethora of literature devoted to commercialization and its links to nutritional 
outcomes, a clear link between production diversification and nutritional outcomes has not been 
established.  Most studies have accounted for a household growing a cash crop but have not 
taken into account the diversity of the production base.  For those studies that have tried to 
account for production decisions on dietary diversity, most have largely ignored the potential 
endogenous nature of the production decision. Furthermore, these studies overlook the count 
nature of the data and the possibility that models using DDS as the variable of interest are likely 
to be Poisson distributed.     
 This study will explore the links between production diversity and nutritional outcomes 
by answering the following questions:  
1.  What factors influence a household’s decision to diversify the mix of crops produced? 
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 2. Is income or production diversity more effective at increasing dietary diversity? 
 3. If a relationship does exist between production diversity and dietary diversity  
of the household, does this relationship differ for children? 
 4. Will this relationship between production diversity and dietary diversity hold using  
Anthropomorphic measures? 
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Chapter 3  
 
 
Methodology  
 
 
3.1 The Philippines 
The Philippines provide a relevant context in which to study production diversity and 
nutritional diversity.  The physical and economic environments allow for a wide variety of crops 
to be grown and provide access to periodic and daily local markets for purchasing food.   Poverty 
has been increasing in recent years and producers are likely to be tempted to increase production 
of crops for which demand is high in order to generate additional income.  This increased 
specialization could come at the cost of production diversity while the effect on nutrition is 
unknown. 
 
3.2 Agriculture in the Philippines 
 The Philippines is an archipelago comprising some 7,100 islands with land area totaling 
30 million hectares. The three main island groups are Luzon, Mindanao and Visayas.  Because of 
the vast distance in which the islands rest, the climate ranges from areas with a pronounced dry 
and rainy season to areas with no dry season (Philippine Department of Agriculture, 2011).   
The Philippines is primarily an agricultural country, where agriculture accounted for 
approximately 18% of the Gross Domestic Product in 2009 (Bureau of Agricultural Statistics, 
2011) versus the United States where agriculture accounted for only of the 1.2%  of GDP in 2009 
(CIA, 2011).  Approximately 13 million hectares are devoted to agricultural production in the 
Philippines. Coconuts have the largest average area harvested of 4.25 million hectares, followed 
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by corn on 3.34 million hectares, rice on 3.31 million hectares, and sugarcane on 673 thousand 
hectares (Philippine Department of Agriculture, 2011). 
 The Philippine Department of Agriculture reported that the average farm size in the 
country is 2 hectares on which households produce rice, corn, coconut, raise some livestock and 
poultry and occasionally grow commercial crops.  The number of small farms has been on the 
rise over the past decade largely because of the Comprehensive Agrarian Reform Program 
(CARP).  Started in 1987, this program has aimed to redistribute 10.3 million hectares of private 
and publicly owned lands to 4 million landless and land poor households.  By 2000, the program 
had successfully redistributed 4.84 million hectares to approximately 2.1 million households. 
While farm size has been declining, the number of farms has been climbing from 2.3 million to 
4.6 million since 1991 (Borras, S., 2000). 
 Farm productivity has also been increasing, especially for critical staple crops including 
rice and corn.  The Philippine Department of Agriculture estimated that in 2000, 35% of the 
average calorie intake of the country’s population came from rice.  In the lowest income quartile, 
that number soars to 60-65%.  Rice production has increased from 9.67 million metric tons (mt) 
in 1991 to 12.46 million mt in 2001.  However, with an average annual population increases of 
2.36%, the Philippines remains a net importer of rice (Philippine Department of Agriculture, 
2001).   
Even as rice production is increasing, corn production has seen steady gains.  In 2004, 
corn production increased by 17.28% outpacing rice production in that same year by almost 
10%.  The increased corn production reflected more area put into corn following favorable 
market prices in previous years.  In 2004, farm gate prices increased by an average of 10.43% in 
the crops subsector. Rice made impressive gains of 8.12% compared to the previous year while 
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corn prices increased by 23.6% and coconut prices soared by 31.98% at the farm gate (Philippine 
Department of Agriculture, Performance, 2004). 
Despite gains in production and prices received by farmers, poverty has continued to 
increase in the Philippines.  In 2006, the National Statistical Coordination Board in the 
Philippines found that poverty incidence had increased by 2.5% since 2003 (Department of 
Health, 2010).  Also on the rise is the rate of underweight and stunted children in the Philippines. 
In 1998, the Food and Nutrition Research Institute of the Department of Science and Technology 
(FNRI-DOST) in the Philippines conducted a national nutrition survey to assess nutrition.  The 
study found that 32% of 0-5 year-olds were underweight, 34% were stunted and 6% showed 
signs of wasting.  In the 6-10 year-old category, 30.2% were found to be underweight and 40.8% 
were found to be stunted.  Discouragingly, this represents a 1.2% percentage point increase in 0-
5 year-old children and 1.9% percentage point increase in 6-10 year-old children compared to 
results from the same survey conducted in 1996 (Barba and Fleiciano, 2002).  The same FNRI-
DOST found that despite emphasis to combat micronutrient inadequacies, vitamin A deficiency 
and iron deficiency remained a prevalent problem in the most vulnerable populations, including 
infants, preschool children and women (Barba and Feliciano, 2002).   
 
3.3 Farm-Biodiversity 
Many researchers have postulated that increasing dietary diversity is the most effective 
and sustainable way to increase micronutrient intake.  It would also stand to reason that one way 
to increase dietary diversity is to increase the variety of crops and livestock produced by a 
household.  This production variety is often referred to as agro-biodiversity or farm-biodiversity 
in the literature. 
 
 
18 
While there are numerous conceptual definitions for farm-biodiversity, what is largely 
missing from the literature is a consistent empirical measure.  Johns and Eyzaguirre (2006) have 
cited the importance of farm-biodiversity but in general studies have not focused on a direct 
measure of farm-biodiversity and the effect this diversity has on nutrition.  Therefore, greater 
production diversity has not been empirically linked to improved nutritional status and dietary 
diversity. 
While a generally accepted empirical measure of production diversity does not exist, it is 
still instructive to measure the diversity of crops and livestock produced by a household.  To 
start, a simple count of the variety of crops grown and livestock being produced was constructed 
for this paper and is referred to as the Production Variety Score or PVS.  Crops are classified to 
the species level, but do not differentiate varieties.  Furthermore, when measuring the diversity in 
livestock, animals were classified by species and are not differentiated by life stage.  For 
example, a household could have both a weaner pig and a hog, but in the final count for crop 
variety the two only count as one since both can be consumed by the household regardless of life 
stage.   
Additionally, crops were classified into production groups to calculate a Production 
Diversity Score or PDS.  Production groups include fruits, vegetables, grains, livestock, and 
miscellaneous items.  Table 1 shows the components of the production diversity food groups. 
This measure will allow further examination of the household production decision.  For instance, 
the PVS can show that a household grows a total of two crops.  The PDS will reflect that both of 
those crops are grains, which could have a potentially different impact on household nutrition 
compared to a grain and a vitamin A rich fruit.  The effect of PDS and PVS are likely to be 
similar while varying in magnitude, with the PDS more likely to show a relationship to dietary 
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diversity and nutritional outcomes.  Therefore the PVS will be used as a validity check, the 
results of which are reported in Appendix A.  
 
3.4 Nutritional Outcomes 
3.4.1 Dietary Diversity Score and Food Variety Score: 
 A diverse diet is associated with a plethora of benefits such as higher birth weights and 
reduced instances of child stunting (Swindale, A. and Bilinsky, 2006).  Harvest Plus (2009) 
recommends that in order to help meet micronutrient requirements, households should increase 
the variety of foods consumed including a wide array of vegetables, fruits and proteins.   
Therefore a Dietary Diversity Score or DDS could be used as an indicator of nutritional status.    
 This study will focus on measuring dietary diversity through a DDS representing the 
number of different food groups consumed over a given period of time (Swindale, A. and 
Bilinsky, 2006; Torheim et al, 2004; Hoddinott, J. and Yohannes, Y., 2002; Torheim et al, 2003; 
Styen, N., et al., 2006; Roche, M., Creed-Kanashiro, H., Tuesta, I., and Kuhnein, H., 2008).  To 
calculate a Dietary Diversity Score (DDS) a value is assigned of 0-n where n represents number 
of food groups being used as determined by the researcher.  
An alternative to the DDS is a Food Variety Score.  A Food Variety Score, or FVS, is the 
number of individual food items consumed over a given reference period (Steyn, N., et al., 2006; 
Torheim, et al., 2003). In practice, each food item is given the same weight (Hatloy, A., 
Torheim, L., and Oshaung, A., 1998).  Some argue that a DDS can provide researchers with 
more relevant information than FVS. They would argue that knowing a household has consumed 
different food groups is more telling than knowing the number of food items consumed since all 
of these food items might be starchy staple foods (Swindale and Bilinsky, 2006).  In practice 
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most studies account for this by including both a DDS and a FVS.  This study will use FVS as a 
validity test for the DDS, the results of which are reported in Appendix B. 
Other scores that have been used to measure nutritional outcomes are nutrient density 
scores (Ruel 2003), the Healthy Eating Index (Kennedy, 2004) and Dietary Quality Index (Steyn, 
N., et al., 2006).  Additionally, a food group diversity score has been used to measure diversity 
within food groups (Roche, M., et al., 2008).   However, these scores have not been extensively 
used and tend to be harder and more expensive to calculate making DDS and FVS more 
desirable for application (Steyn, N., et al., 2006).   
 A nutrient adequacy ratio, NAR, is a ratio of an individual’s intake for a given nutrient to 
the recommended daily allowance and is yet another measure typically used for measuring 
nutritional outcomes (Hatloy, Torhiem, and Oshaung, 1998).  This ratio is then truncated to one, 
meaning that a score of one can be interpreted as an individual consuming the recommended 
daily allowance or more of a given nutrient. Using the NAR a mean adequacy ratio or MAR, can 
then be calculated.  A MAR is the sum of NARs divided by the number of nutrients examined.  
A MAR of one implies that an individual has consumed all of the recommended daily 
allowances for all nutrients considered (Hatloy, Torhiem, Oshaung, 1998; Ruel, 2003).   In order 
to use NAR and MAR food composition tables containing accurate information on nutrient 
content must be available.  Other measures more often used to study malnutrition and stunting in 
children, are length-for-age, weight-for-age, and weight-for-height Z-scores.  
Steyn, N., et al. (2006) also used FVS and DDS to measure dietary diversity in 
developing countries and linked DDS and FVS with NAR and MAR.  Using a 24-hour recall 
period and nine food groups, the authors found that DDS was positively correlated with NAR.  
When using MAR, the authors found that a target MAR could be reached with an FVS greater 
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than or equal to 11 and a DDS of a least 4.  A FVS less than 5 and a DDS less than 4 had an 
associated MAR of less than 50%.  For health officials this means that if a child has a DDS or 
FVS in these low ranges, the child is at risk for stunting or malnutrition.  
Torheim et al. (2003) also found that FVS and DDS were positively correlated with 
energy intake and were significant in a multivariate model predicting MAR while controlling for 
age, sex, education and morbidity.  Furthermore, in their study FVS was a poorer predictor of 
MAR than DDS.  They concluded it is “easier to achieve a satisfactory level of MAR by an 
increased DDS” than by increasing FVS.  
In all of these studies, DDS and FVS were found to be positively associated with NAR 
and MAR.  Because these studies were conducted across different countries and used a variety of 
food groups, the results suggest that the relationship is robust.  It is heartening that DDS and 
FVS were found to be related, though at different magnitudes, to measures of nutrient adequacy 
in all of these cases. 
 
3.4.2 Benefits to Using DDS and FVS 
It has been demonstrated that DDS and FVS are positively related to NAR and MAR two 
commonly used measures of nutrient adequacy.  A DDS is attractive to use in nutrient adequacy 
studies over NAR, MAR and anthropomorphic measures for a number of reasons.  First, DDS is 
easy to calculate (Ruel, 2003).  A simple survey can be conducted to collect the necessary 
information as opposed to requiring food composition tables or weighing and measuring each 
individual child.  Moreover, in surveys the majority of respondent’s do not find the questions 
associated with assessing DDS and FVS intrusive (Swindale and Bilinsky, 2006).   
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Secondly, DDS can be especially useful in calculating nutrient adequacy in populations 
where individuals share meals from a common bowl and individual portion sizes cannot easily be 
measured (Hatloy, A., Torheim, L., and Oshaung, A., 1998).  The score can be calculated at both 
a household and individual level.  An individual DDS, or IDDS, has greater potential to be an 
appropriate proxy for nutrient adequacy and will be used in this study (Swindale and Bilinsky, 
2006).   
Finally, using a score like DDS can provide researchers with a simple and quick measure 
to classify an individual’s nutritional status by their diet (Hatloy, A., et al., 1998; Steyn, N., et 
al., 2006).  By finding a threshold DDS, researchers could be able to identify at risk populations 
for stunting, wasting and mirco-nutritent deficiencies quickly and easily.  Certainly these 
thresholds will not identify all individuals who are stunted, wasted or micro-nutrient deficient, 
but rather could be used as a guideline in the field.   
 
3.4.3 Complications to Using DDS and FVS 
There are complications with the use of the DDS and the FVS. Potentially the greatest 
problem comes from the variability of food groups and food items used across studies.  This 
makes it difficult, if not impossible to compare results across studies.  Classifying food items and 
food groups uniformly could be helpful in this case. It would not, however, appear to be 
appropriate since these scores are often calculated to be case specific.   
 The number of food groups can vary depending on the purpose of the study.  Ruel (2003) 
suggests that for measuring food security, food groups should be classified based on their 
economic value, whereas for nutrient adequacy, food groups should be classified based on their 
nutrient content.  Swindale and Bilinsky (2006) agreed with Ruel and suggest that for measuring 
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nutrient adequacy the following eight food groups should be used: (1) grains, roots or tubers; (2) 
vitamin-A rich plant foods; (3) other fruits or vegetables; (4) meat, poultry, fish, and seafood; (5) 
eggs; (6) pulses/legumes/nuts; (7) milk and milk products; (8) foods cooked in oil/fat.  
Specifically, they recommend excluding sugar, fats and oils which do not contribute much to 
nutrient intake. This study will argue that while this might be appropriate for areas plagued by 
obesity problems, in the Philippines where stunting and malnutrition are the main concern, 
sugary snack foods will contribute to weight gain, which is a desirable outcome in this context. 
When calculating DDS or FVS, a number of different time periods can be used as a 
reference period.  Choice of time frame will affect results.  The longer the time period, the 
greater the probability is that a higher DDS or FVS will be found.  However, with a longer recall 
period, the greater the risk that measurement error will be introduced into data.  Swindale and 
Bilinsky (2006) recommend using a 24-hour recall period.  Torhiem, et al (2003) noted that a 
“recording period of two days seemed too short to measure the habitual intake of some food 
groups.”  The reference period, like the number of food groups used, remains subjective. 
Despite variability in food group classification and recall periods, both DDS and FVS 
have been used in numerous studies to identify a link between dietary diversity and nutrient 
adequacy using NAR and MAR.  In general, both scores have been positively linked to nutrient 
adequacy.  Hoddinott and Yohannes (2002) examined DDS in ten countries using both a 24-hour 
recall and a seven-day recall.  A strong association was found between dietary diversity and 
household per capita consumption and household per capita caloric availability from staples and 
non-staples.  These results held true in both urban and rural settings, across all seasons and were 
still found regardless of whether food groups or individual food items are used.   
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DDS and FVS will be used in this study to examine if a link exists between nutrient 
adequacy and farm-biodiversity.  This study will defer to prior work that validates the positive 
and significant relationship between DDS, FVS, MAR and NAR.  Likewise, a PDS and PVS will 
be constructed in the same spirit and will serve as a basic measure of farm-biodiversity.  
Together, these variables represent the tools needed to examine the relationship between DDS, 
FVS and farm-biodiversity.   
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Chapter 4 
 
 
The Model 
 
 
4.1 The Model 
 To examine the effect of production diversity on dietary diversity and variety in the 
Philippines the following model will be employed using a Food Variety Score (FVS) and Dietary 
Diversity Score (DDS) as the variables of interest. 
 
(1) FVS=   !! +   !!!+ !!!+ !!!+ !!!+ ! 
(2) DDS= !! +   !!!+ !!!+ !!!+ !!!+ ! 
 
Where X is either a production variety score (PVS) or a production diversity score (PDS), 
Z is a vector of household characteristics, Y is a vector of individual characteristics and P is a 
vector of prices. 
 A two-stage process will be employed because it is likely that the decision to diversify a 
household’s production base is not strictly exogenous.  In fact, a household’s production 
decisions are likely to be closely linked to the household’s decision to diversify their diet.  
Running the model and ignoring the endogenous nature of production diversity would lead to 
biased estimates.  2SLS estimates will reduce this bias but will increase standard errors 
potentially leading to insignificant but unbiased results.   
Therefore, an instrumental variable technique will be employed where the PDS and PVS 
are first estimated.  An instrumental variable (IV) can be appropriate to address concerns of 
endogeneity if the IV passes the exclusion restriction.  Ideally, the instrument will be highly 
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correlated with production decisions but not with dietary diversity. Using equations (3) and (4), 
PDS and PVS will first be estimated. 
 
(3) PVS= !! + !!!+ !!!+ !!!+ !!!+ ! 
(4) PDS=!! + !!!+ !!!+ !!!+ !!!+ ! 
 
Where V is a vector of plot characteristics, W is a vector of household characteristics, M 
a vector of market characteristics and L is the price of yellow corn received in the market.  In 
this instance plot characteristics will be used as instruments.  The soil quality, slope, presence of 
irrigation, the size of the home garden, the size of land area owned or rented by the household 
and the total number of plots owned or rented by the household will be used as instruments for 
PVS and PDS.   
The predicted value of PVS and PDS from equations (3) and (4) can then be substituted 
for X in equation (1) and (2).  Additionally, equation (1) and (2) will be run using observed PVS 
and PDS to compare results. Results from equation (1) and (3) will be used as validity test for 
DDS and PDS.  The full results for PVS can be found in Appendix A and the full results for FVS 
can be found in Appendix B.   
 Because the Dietary Diversity Score and Food Variety Score are count data rather than 
continuous variables, a linear regression may not be appropriate.  In fact, in this case a Poisson 
may be a more appropriate model to use. The Poisson Maximum Likelihood Estimator requires 
that the data be Poisson distributed with density: 
F(yi| xi) = 
!!!!!!!!!!     !! = 0, 1, 2…   
Where ! = mean 
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And the mean parameter  
E[yi|xi] = !! = exp(xi, β). 
 Thus, given independent observations the log-likelihood is: 
 
 
!"# ! = !!!!! − exp !!!! − !"!!!}!!!!  
 
Where  ! is the solution to the first order conditions 
(!! − exp !!!! )!!!!!! = 0 
However, if the data is not Poisson distributed, overdispersed, or the mean is incorrectly 
identified, the Poisson MLE in not appropriate (Cameron and Trivedi, 1998).  In this case 
because the range of the DDS is only 1-8 , it is more likely to Poisson distributed than the FVS, 
which ranges from 1-42.  This study will differ from other studies of DDS by using an approach 
consistent with count data nature of DDS. 
 
4.2 The Sample 
 This analysis uses data on household food consumption and agriculture production from 
the Bukidnon Panel Survey.  The data was first collected in 1984/85 in four survey rounds in 
Bukidnon, Philippines by the International Food Policy Research Institute (IFPRI) and the 
Research Institute for Mindanao Culture (RIMCU).  The area was originally chosen for its 
proximity to a relatively new sugar mill that was constructed in 1977 by the Bukidnon Sugar 
Company or BUSCO.   
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A presurvey was given to 2,039 randomly selected households to allow researchers to 
stratify the sample based on agricultural production of either sugar or corn, the producer’s 
proximity to the sugar mill, and access to land either as a landowner, tenant, or landless laborer.  
Only households with at least one child less than 60 months of age who farmed less than 15 
hectares, and who listed their primary occupation as farming could be considered for the final 
study.  An additional random subsample of non-farmers was included.   
To address concerns of self-selection bias arising from households adopting sugar, the 
survey was extended to include individuals with similar characteristics that were unable to adopt 
sugar because their remoteness from a sugar mill.  The original sample (1984/85) included 448 
households, of which some had adopted sugar while others had not and continued to mainly 
produce corn.  Of this sample, 352 were interviewed again in 1992 and 311 were interviewed in 
2003. 
 The households in the 2003-2004 data set include the children of the original households 
who had formed their own households, either in the same barangay (village) or after migrating 
from the original survey area.  From September 2003 to January 2004, 261 newly formed 
households living in the same barangay were surveyed.  These split households were limited to 
two children still living in the area.  In April to July of 2004 an additional 257 households who 
had migrated were interviewed. This represents approximately 75% of potential split households 
to be interviewed (Echavez, Montillo-Burton, McNiven, and Quisumbing, 2006). 
 This study will only use the 261 households comprised of the descendants of the original 
sample still living in the area.  Analysis of production diversity has a sample of 261 households, 
while analysis of consumption diversity (DDS and FVS) is based on 844 individuals in those 261 
households. 
 
 
29 
 
4.3 Variables Specific to Estimating FVS and DDS 
4.3.1 Measure of Nutritional Outcomes 
As suggested by the literature, a Food Variety Score (FVS) and Dietary Diversity Score 
(DDS) are appropriate proxies for measuring nutritional outcomes and will be used in this study.  
Food recall data was collected for a 24-hour time period for each individual living in a 
household.  While it would have been preferred to use the panel data to see how consumption in 
households has changed over time, the 24-hour food recall data collected in 2003/04 is not 
compatible with the information collected in the original survey.  Thus, the 2003/04 data 
collection rounds for split households will be used exclusively. 
 For dietary diversity, a simple count of the number of food groups is calculated.  USAID 
suggests using the following nutritional food groups specifically for measuring DDS: (1) grains, 
roots or tubers, (2) vitamin A-rich plant foods, (3) other fruits or vegetables, (4) meat, poultry, 
fish and seafood, (5) eggs, (6) pulses/legumes/nuts, (7) milk and milk products and (8) foods 
cooked in oil/fat (Swindale and Bilinsky, 2006).  Specifically USAID guidelines suggest not 
including oils/fats, sugar/honey, and miscellaneous food groups because these food groups do 
not significantly contribute to a healthful diet.  
 However, sugars, fats and oils do contribute to improved weight-for-age and weight-for-
height scores, if for nothing else other than the fact that these foods increase weight. The 
argument against their inclusion cites the potential to lead to negative health outcomes, namely 
obesity.  While recognizing this point, obesity is not a widespread problem in Bukidnon. 
Therefore, when constructing the DDS, foods were classified in the following groups:  
(1) Grains, roots or tubers 
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(2)  Vitamin A-rich fruits and vegetables foods 
(3) Other fruits or vegetables 
(4)  Meat, poultry, fish and seafood 
(5)  Eggs 
(6) Pulses/legumes/nuts 
(7) Milk and milk products  
(8) Miscellaneous.   
The final group includes fats, oils, sugars, snack foods, alcoholic beverages, soda, and various 
commonly used spices.  Fruits and vegetables were classified as being rich in vitamin- A if the 
food was a green leafy vegetable or if the Food and Nutrition Service of the USDA (2011) 
classified the English equivalent as meeting 10% or more of the RDA for vitamin A. Table 2 
shows the specific components in each food group used.   
 
4.3.2 Household Characteristics 
Time to Market 
 If households choose to specialize at the expense of household production diversity, then 
access to markets will be necessary to maintain or improve dietary diversity.  In order to capture 
this effect, a variable that accounts for access to markets is used, in this case, time to market. 
Many households were unsure of the time to travel to the market, therefore, an average time to 
the market calculated by village is used.  As time to market increases holding all else constant, 
DDS and FVS is expected to decrease. 
 
Education of the Mother 
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 To gauge the effects of production diversity on nutritional outcomes, some form of 
education must be accounted for.  This study will take the highest grade level attained by the 
mother.  Many studies have found that mothers exercise more control over food purchasing 
decisions and the higher level of education she receives the more likely she is to know that a 
diverse diet is desirable.  Therefore, it is expected that as the mother’s education increases DDS 
and FVS will also increase. 
 
Household Size   
The size of the household will influence a household’s purchasing decisions and thereby 
affect dietary diversity.  A large household may have to substitute a more diverse diet to 
inexpensive starchy staples to ensure that all members of the household are able to eat.  As 
household size increases holding all else constant DDS and FVS should decrease accordingly.  
Household size squared will also be included in the model.  
 
Prices 
 Prices are likely to play an important role in FVS and DDS.  Explicitly, the prices of 
commonly consumed foods will affect the amount and variety of food a household can purchase.  
If prices increase, the effect on consumption can be devastating, especially if the household 
frequently consumes the food item in large quantities.  In order to examine the effect prices have 
on FVS and DDS, prices were examined by market, by village for bananas, pork, rice and talong 
(eggplant).  There is a large range for all of these reported prices in the raw data. It is likely that 
the wide range in prices can be attributed to two things. 
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 First, it is likely that some reported per-unit prices are being reported in varying units.  
For example, banana prices range from 0.5 Philippine pesos (P) to P10 even when purchased at 
the same market.  This variation probably comes from some individuals reporting the price paid 
for a single banana and some reporting the price paid for a bunch of bananas.  Secondly, it is 
likely quality differences are being reflected in the prices.  Pork for example, is a very generic 
term for everything from bacon to pork loin.   
It might be tempting to not include prices in the model to ensure that bias is not 
introduced.  However, theory supports including prices in consumption and production models.  
To reflect the impact of prices on dietary diversity and food variety, a minimum price was 
generated for specific food types purchased from either a periodic or daily market by 
municipality, after removing extreme values.  Virtually all municipalities had both a periodic and 
daily market.  These markets were chosen for their availability to most households and for the 
fact that prices paid for items from other markets are more likely to be affected by quality 
differences.   
A minimum price lends itself well to this analysis.  It can be assumed that the minimum 
price is the lowest quality available at the market.  Assuming individuals know all prices and 
quality differences in their area, the household can pay this minimum price in order to consume 
the food item.  As the price of bananas, pork, rice and talong increase, holding all else constant, 
one would expect to see DDS and FVS to go down. 
 
Expenditures  
Expenditures will be used in this study instead of income.  While information does exist 
in the data for income, households reporting total earnings can often misreport income.  
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Furthermore, because of failed business ventures and poor investments, numerous households 
reported negative income for the time period.  Instead, a more accurate measure is the amount of 
money spent by the household during a given time period, in this case a week. As expenditures 
increase, DDS and FVS should increase to a certain point when each additional dollar spent will 
result in less additional diversity compared to the previous dollar.  To account for this the log of 
expenditures will be used. 
 
PDS and PVS 
 The Production Diversity Score (PDS) and Production Variety Score (PVS) are key 
variables that this paper examines.  One would expect that as the variety of crops grown 
increases, DDS and FVS would also increase.  However, only looking at the number of crops 
grown can be misleading.  After all, households can choose to grow white corn, yellow corn and 
rice for which local demand is traditionally very high.  However, these are all grain crops and 
alone will not meet a household’s dietary needs.  For that reason, a Production Diversity Score 
will be used to measure the amount of diversity between food groups.  However, these variables 
are unlikely to be strictly exogenous to consumption variety, so estimates of PDS and PVS will 
also be used in the final equation.  Increases in production diversity or variety are expected to 
increase DDS and FVS. 
 
4.3.3 Individual Characteristics  
Ethnicity 
Members of ethnic minority groups may have systematically different preferences and 
different constraints than other people. While ethnicity is not provided in the survey, data exists 
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on the first language spoken by each individual. There are eight widely used languages in the 
Philippines. These are Tagalog, Cebuano, Ilocano, Hiligaynon or Ilonggo, Bicol, Waray, 
Pampango, and Pangasinense according to Philippine Department of Tourism (2009). Four of 
these languages, Tagalog, Ilongo, Waray, and Ilocano are spoken in the survey area.  Other 
dialects spoken in the area include, Bisayan, Maranao, Natibo, and Ivatan.  This study will 
assume that individuals reporting Bisayan, Maranao, Natibo, and Ivatan as their first language 
spoken belong to a minority group. A dummy variable was created to account for inclusion in a 
minority group. The sign for this variable is expected to be positive reflecting the preference of 
minority groups for a wider variety of foods. 
 
Gender 
   The gender of the household member might also have an effect on FVS and DDS. A 
dummy variable is employed, taking a value of 1 if the individual is male, 0 otherwise.  The 
expected sign is positive.  For the male household head, the FVS and DDS is likely to rise.  
However, for all other members, especially females, these scores can certainly fall.   
 Table 3 shows the summary statistics for the variables used to estimate DDS and FVS. 
 
4.4 Variables Specific to Estimating PVS and PDS 
4.4.1 Characteristics of the Household 
Distance to Market 
 The distance produce must be hauled to market will have a significant impact on the 
production decision.  First, if the household has the means to participate in a cash cropping 
system but does not have adequate access to a market in which to sell the crop it is unlikely that 
 
 
35 
they will participate or realize the full potential of participating in cash cropping schemes.  
Furthermore, if a household wishes to fill the gap in production by producing crops other 
households have abandoned, but does not have access to a market, the household may grow 
enough produce for their own consumption only.  A long distance to the market can also affect 
the quality of food grown for market. However, not having access to a market can also positively 
influence PDS and PVS.  If the household does not have access to a reliable market then it falls 
on the household to be self-sufficient.  The sign on this variable is unknown since access to 
markets could both encourage and discourage production diversity and variety, depending on 
whether the household orients itself as a consumer or producer. 
 
Adult Equivalency  
 The number of adults living in a household can be a useful proxy for the amount of labor 
available to the household.  The household may also have children able to work in the 
household’s garden or on plots of land that the household owns or rents.  As the amount of labor 
available to the household increases, the better the household will be able to meet household 
labor demand for own production but, children are unlikely to be as productive as the adults. 
Using information on age and sex, children can be converted to reflect their relative equivalency 
to adults.  The association between the number of adult equivalents and PVS and PDS is 
expected to be positive assuming the opportunity cost for other employment does not exceed the 
value of using the labor for home production. 
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Land Area 
As the number of plots and size of the total land area owned and rented by the household 
increases, households increase the area available for production.  To measure the effect this 
might have on PVS and PDS two variables are employed.  The first variable is the total land area 
either owned or rented by a household measured in hectares.  In the final model, total area is 
converted to square meters and converted to log form.  The second variable is the total number of 
plots either owned or rented by a household.  Both of these variables are expected to be 
positively associated with PVS and PDS. 
 
Garden Size 
 Garden size refers to the size in square meters of the household’s home garden.  The 
larger the area of the home garden, the more likely a household is to grow a wide variety of crops 
in adequate amounts for members of the household.  This variable additionally reflects a 
household’s ability to produce crops and livestock regardless of their land tenure status.  
Therefore, it is expected that as size of the home garden increases, PDS and PVS will increase. 
 
Environmental Factors 
 Environmental factors can influence the range of crops that can be grown by a household.  
Those living in the original study are subject to similar weather conditions but plots can vary in 
slope, irrigation and soil quality.  Environmental data is available for plots but not for home 
gardens. 
 Values for slope range from 1 to 4, corresponding to flat, slight, moderate or steep slope.  
The slope will affect the type of crop being grown to various degrees.  For instance, a plot with a 
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moderate slope might not be suitable for rice production even if producing rice is the most 
profitable enterprise for that piece of land.   
Irrigation is a partial indicator for water availability. While adequate rainfall may be 
present during certain times of the year, an irrigated plot will be more likely to receive the 
necessary water for plant growth throughout the year. This is especially important for some 
water dependent crops such as rice, fruits and vegetables. Irrigation is a dummy variable taking a 
value of one if the plot is irrigated, 0 otherwise.   
Soil quality ranges from 1 to 3, corresponding to good, fair and poor.  The soil quality 
can have a number of effects on crop diversity.  First, holding all else constant having poor soil 
quality can reduce yields and force households to increase the area devoted to a crop to increase 
the volume of production.  Secondly, if soil quality is poor, it may force the household to invest 
in soil improving techniques. Unfortunately, data on slope, irrigation, and soil quality is not 
available for households surveyed in 2004.   
Using information on irrigation, slope and soil quality, estimates of PVS and PDS can be 
obtained for 305 plots.  This leads to an interesting problem.  Some households now have 
estimates of !"#!" where i identifies the household and j identifies the plot.  A household will 
only have one actual PDS, but plot level data estimated in this way yield plot level scores of 
production diversity.  There are three options available to address this problem. 
 The first option is to take the mean of the plot level estimated of production diversity,  !"#!".  This is suitable if the household is primarily planting the same crop over multiple plots 
similar to Scenario A shown in Figure 2.  Conversely, if the household is planting a variety of 
crops on each plot, taking the average will underestimate the production variety of the 
household.  If the household is operating under Scenario B shown in Figure 2, than a maximum 
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of !"#!"  could be used instead.  This would assume that no household is more diverse than its 
most diverse plot.  In reality households are operating in both Scenario A and Scenario B. 
 This leads to a third and final option, which is to estimate at the household level, 
generating !"#!, based on household level data only.  In order to do this the irrigation, soil 
quality and slope variables will need to be manipulated. To convert these variables into 
household level data, a weighted average was created for each, weighting the data based on the 
size of the plot.  
 
Characteristics of the Household Head 
Certain characteristics of the household head will likely influence production decisions.  
Individuals belonging to a minority group, typically the indigenous peoples, are expected to have 
a preference for a wider variety of foods including indigenous plants.  Additionally, they may 
have unique knowledge that better allows them to produce these crops.  Using the dummy 
variable described in section 4.3.3, inclusion in a minority group will be used to estimate PVS 
and PDS. The sign for this variable is expected to be positive reflecting the preference of 
minority groups for a wider variety of foods.  In addition to the ethnicity, the age and education 
level of the household head is included in the model. 
 
Yellow Corn Price 
 Household production decisions do not only reflect the preferences of the household, but 
are also influenced by the prices the household realizes in the market place.  Demand for corn is 
traditionally high in the Philippines and corn is produced by numerous households in the study.  
Average yellow corn sales price by municipality is used to gauge the response of households to 
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changes in prices.  The nature of this relationship is unknown.  Households can either respond to 
increases in prices received by increasing the amount of land in yellow corn production or the 
household could choose to diversify their production to protect against volatile market prices.  
Table 4 shows the summary statistics for the variables used to estimate PVS and PDS.  
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Chapter 5  
 
 
Results 
 
 
 The count nature of PDS and DDS imply that using OLS might not be appropriate. 
Instead using a Poisson or Negative Binomial model is likely to be more fitting.  The mean of 
PDS is 3.1524 and the variance is 2.1906. The mean of DDS is 4.9360 and the variance is 
2.3931. While under dispersed, the data do appear to be Poisson distributed.  Using a Pearson 
test coefficient, it appears that using a Poisson model is in fact appropriate.  Because of this, the 
results using a Poisson model are reported throughout and address to the inherent 
heteroskedasticity of Poisson model estimation robust standard errors are reported.  
 
5.1 PDS Household Estimation 
The results using weighted averages for environmental data are reported in Table 5.   
Garden size and the number of plots are positively and significantly related to PDS, while the 
average distance to the market, and the household head’s education level are negatively and 
significantly related to PDS.   In this specification the weighted averages of the environmental 
variables are insignificant.   
 Specification (2) replaces weighted average of slope and soil quality with weighted 
average dummy variables representing the less desirable values of slope and soil quality.  When 
soil quality is either fair or poor, the dummy variable is equal to 1, 0 otherwise.  For poor slope 
the dummy variable is equal to 1 when slope is moderate or steep, 0 otherwise.  These 
environmental factors remain insignificant except the weighted average of poor soil quality 
which becomes positive and significant at a 10% level.  The positive sign on the coefficient is 
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unexpected.  It is possible that when soil quality is poor, households use crop rotation as a means 
to improve soil quality and this rotation may increase production diversity. 
 Unfortunately, using weighted averages for environmental data to estimate PDS causes 
the sample size to drop to just 163 households out of 261 possible households.  This results in a 
substantial loss in sample size during the second stage of the model from 844 individuals to 448 
individuals.  This observation prompted the final specification for estimating PDS, which 
excludes the plot-level features. 
 
5.2 PDS Final Model 
 Table 6 shows the final model specification for PDS.  Many of the relationships found in 
the previous models are found with PDS at the household level.  Garden size, the number of 
plots owned or rented by a household, the age of the household head and total size of a 
household's landholdings are positively and significantly correlated with PDS while average 
distance to the market is negatively and significantly correlated with PDS.  The negative 
coefficient on average distance to market could hint that crops, which increase production 
diversity, are bound for the market.  This in turn may hint that dietary diversity is more likely to 
be influenced by expenditures than PDS.  The average price of yellow corn also borders on being 
significant and positively related to PDS.  If this variable were significant it might provide some 
evidence that households diversify production as a type of insurance against raising food prices.  
Furthermore, adult equivalency and per capita expenditures are negative and significant at a 15% 
level. 
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 Given the robustness of the results, the favorable fit of the model, and the desirable 
sample size, the specification used in Table 6 is the model ultimately used to obtain PDS! for use 
in the second stage.   
 
5.3 DDS 
Next, the relationship between DDS and PDS is examined.  Table 7 reports the results of 
a Poisson model using robust standard errors for (1) !"#! estimated using a Poisson process, (2) !"#! estimated using a Negative Binomial process, and (3) PDS.  The relationships that appear 
make intuitive sense.  The minimum price of pork, age and the log of total expenditures are 
significant in this model.  In this model the coefficient for expenditures can be directly 
interpreted as an elasticity.  A 100% increase in total expenditures would increase DDS by 
12.13%.  
When using !"# generated from a Poisson model or negative binomial model, similar 
results are found.  In this model the average time to market is significant at a 16% level. It is 
possible that by improving access to markets dietary diversity could be improved.  A project that 
would pave roads and reduces the time required to travel to the market could help individuals 
improve DDS. The elasticity for total expenditures in this specification is 0.1239 meaning a 
100% increase in expenditures would lead to a 12.39% increase in dietary diversity scores.  
When using either the estimated PDS or observed PDS, the relationship while positive is not 
statistically significant. 
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5.4 DDS and Children 
PDS does not seem to have a significant impact on the overall dietary diversity of the 
household, however, it may have more of an effect on children.  To examine the possibility that 
production diversity could have an influence on children’s diets, Dietary Diversity Scores were 
estimated again using data for 0-5 year olds exclusively.  When using !"#, the minimum price 
of pork and age squared negatively impact the DDS of children while age and !"# positively 
impact children’s DDS.  !"#  has a marginal effect of 0.1369, meaning a 10% increase in PDS 
would increase the DDS of children by 1.369%, roughly the same benefit realized by the entire 
sample when increasing expenditures by 10%.  The observed value of PDS is insignificant in the 
model.  It would appear as though the diets of children are more likely to be influenced by 
household production diversity decisions than those of adults.  The insignificance of 
expenditures in this specification raises the possibility that income has more impact on the 
quality of adults’ diets than on children’s food diversity.  Full results are reported in Table 8.  
     
5.5 DDS and Z-scores 
 It is of interest to see if these results hold using a different measure of nutritional 
outcomes.  To find out how production diversity and other variables in Table 8 affect nutritional 
outcomes, weight-for-age, length-for-age and weight-for-length Z-scores for children in the 
sample were used as dependent variables.  Neither weight-for-age nor weight-for-length Z-scores 
were found to be statistically significantly related to production diversity, but a relationship with 
length for age could be identified.  Detailed results from the analyses of weight for age and 
weight for length are in Appendix C. 
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 Results from the analysis of length-for-age Z-scores are shown in Table 9.  In this model !"#  is significant and positive at a 10% level.  Increasing PDS by 1% it would lead to an 
increase in length-for-age by 1.4883%.  This could potentially have a large impact on rates of 
stunting in the Philippines where 34% of children 0-5 years old were found to be stunted in 1998.  
The log of total expenditures is significant at a 13% level in this model.  A one percent increase 
in expenditures would increase length-for-age Z-scores by 0.887%, showing that PDS has the 
ability to greater influence child nutrition than expenditures in Bukidnon.  When using observed 
PDS, PDS and expenditures are not significant while the minimum price of rice and bananas, and 
mother’s education are all significant.  This hints that the results are not robust. 
  
5.6 Cutoff points 
 This analysis has found that income has greater potential to increase dietary diversity and 
therefore nutrient adequacy than does production diversity.  As was suggested by Swindale and 
Bilinsky (2006), a target DDS can be determined by selecting the highest 25% of DDS or the 
richest 25% of DDS in the sample.  The intuition behind this strategy is that as income increases, 
poorer households will mirror the behavior of their better-off counterparts.  Figures 3 through 7 
show the receiver-operator curves for the highest 25% of DDS and the optimal cutoff points 
using per capita expenditures, total expenditures, and PDS that correctly identify an individual 
not achieving a DDS of 6 or higher, without losing the ability to identify those achieving a DDS 
6 or higher. This process is referred to as sensitivity and specificity analysis.  The optimal cutoff 
point for per capita expenditure is P327.182 which gives a sensitivity of 60% and specificity of 
roughly 38% for both FVS and DDS while the optimal cutoff point using total expenditures is 
P1421.94 a week generating a sensitivity and specificity of roughly 60% each.  Continuing with 
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this analysis, the optimal cutoff point for PDS is 3 with a sensitivity of 60% and a specificity of 
38%. 
 The optimal cutoff points for achieving length-for-age, weight-for-age and weight-for-
length Z-scores of 0 or greater can also be determining using this method.  The optimal cutoff 
points to indicate no prevalence of stunting is higher than the total expenditures needed to 
achieve the average DDS of the richest households at P1474.37.  However, while higher the 
numbers are very similar, varying by roughly P50.  
 Furthermore, the optimal cutoff points for DDS to indicate no prevalence of stunting or 
wasting is 4.  This is not to say that children who consume 11 different food items from 4 
different foods groups will absolutely not be stunted.  Instead this is the point where the most 
children who are not meeting international growth standards or better are correctly identified 
while identifying the most children who are not meeting or exceeding international growth 
standards are correctly identified.  This information could aid researchers by providing a 
reference point in the field.  For instance, instead of having to measure and weigh a child, the 
researcher can gauge the likelihood that the child is stunted or wasted based on the diversity and 
variety of foods consumed by the child in the last 24-hours.  While this will not identify every 
child who is stunted or wasted, it can save time and money in the fight to battle malnutrition.   
 
5.7 Discussion 
 
 From this analysis, it is clear that certain variables have an impact on PDS regardless of 
the specification of the model.  Access to land is clearly a driving force behind PDS.  
Households respond to greater access to land by planting a greater diversity of crops meaning 
that programs such as CARP can be effective at increasing PDS.  While it does not appear that 
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this greater production diversity is necessarily translated directly into greater dietary diversity, 
this produce could be bound for the market.  If so, the increase in income and expenditures will 
likely grow DDS. 
 While some relationship exists between PDS and DDS, the significance and magnitude 
vary between specifications.  Instead it appears this measure of nutrient adequacy is more likely 
to be influenced by the amount of time it takes an individual to travel to the market, the price of 
pork and expenditures.  This hints that improving infrastructure to reduce time to market and 
provide greater access to markets could be one piece of the puzzle to improving nutrient 
adequacy in the Philippines.  Not only would this provide greater access to purchasing foods, but 
it would also allow households to market surplus production and potentially increase income.   
Moreover, some price subsidies have the potential to increase DDS by lowering the cost 
of certain key foods.  This analysis cannot say definitively if a subsidy on pork would be the best 
route to take but it could be yet another piece to the puzzle.  Increasing a household’s income 
and thereby increasing expenditures will have a greater direct effect on increasing DDS than by 
increasing PDS.  It is possible that one way to increase incomes is by encouraging households to 
diversify and grow fruits and vegetables for the market.  However, there does seem to exist a 
relationship between increased PDS in improved length-for-age scores that would imply that 
children in households that diversity production are less stunted.  These results do not appear to 
be robust between model specifications. 
In order to improve child nutritional status encouraging diversity in home garden 
production can be effective.  Programs that redistribute land such as CARP, should encourage 
diverse production on that land.  The additional income generated on those lands will be 
effective at improving dietary diversity of the household as a whole, but will not have a large 
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impact on the young children living there. Children’s dietary diversity is twice as sensitive to 
PDS as the entire household.  Additionally, increasing PDS by 1% will increase length-for-age 
Z-scores by 1.48%, a significant increase for the Philippines where 34% of children are stunted.   
 It is unlikely that poverty and malnutrition in the Philippines are going to improve 
overnight.  However, this study has discovered that the link between the production diversity 
decision and dietary diversity are not as strong as one would expect for the household as a whole.  
While home gardening may be a way for households to improve food security, it does not appear 
that these gardens are enough to ensure nutrient adequacy for the household.  Instead it appears 
that in Bukidnon, Philippines, increasing income is far more likely to impact dietary diversity 
and nutrient adequacy in adults.  However, to improve the diets of children, production diversity 
should be encouraged and could lead to improvements in children nutrition status.    
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Chapter 6 
 
 
Conclusion 
 
 
Millions of people worldwide suffer from chronic malnutrition and hunger today.  The 
signs of malnutrition might not always be as obvious as one would assume.  Instead 
micronutrient deficiencies show themselves through fatigue, night blindness and a weakened 
immune system, which in the end can lead to death for many individuals.  Combating hunger and 
malnutrition has been a formalized goal for the international community for at least a decade and 
yet hunger and malnutrition continue to plague the world’s poorest people with no relief in sight.   
 While it does appear that increasing production diversity might be one route to take to 
elevate malnutrition, a more promising route to take at this time appears to be increasing income, 
at least in Bukidnon, Philippines.  However, more research still needs to be done in order fully 
answer this question.  
 First, similar analysis should be conducted in a variety of developing countries.  This 
analysis is sample specific and it is all too likely that in another part of the world, PDS could 
have a more profound impact on DDS.  Moreover, if the results can be replicated it would 
provide further evidence that emphasis should remain on generating income in order to improve 
nutrient adequacy.   
 Secondly, it would be of value to calculate MAR and NAR to validate that in the 
Philippines, DDS is closely related to these measures.  While these scores have been validated in 
numerous studies and in various areas, it would be useful to find what foods contribute most to 
nutrient adequacy in the Philippines.  Such an analysis would allow educational programs to 
encourage increased consumption or home production of those items.   
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Knowing MAR and NAR would allow researchers to determine if the miscellaneous food 
group and sugary snack foods and beverages should be included in the final calculation of DDS.  
Additionally, this information would also allow researchers to determine more accurate cutoff 
points for nutrient adequacy in the Philippines.  This study assumes that the highest 25% of DDS 
in the sample is sufficient to meet daily energy and micronutrient requirements.  This may not be 
the case and NAR and MAR would be the most accurate way to discover specific nutrient 
adequacy thresholds.   
In conclusion, while encouraging increased production diversity and variety does not 
appear to negatively affect dietary diversity, it also does not appear as though production 
diversity leads to greater dietary diversity or variety.  Production diversity did appear in some 
models to have some success in increasing dietary diversity of children, but the magnitude and 
significant of the relationship varied between specifications of the model.  It appears as though 
income is a more effective tool to increase dietary diversity of adults.  Further research including 
measures of nutrient adequacy should be conducted to validate these findings.  
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Tables and Figures  
 
 
Table 1: Components of Production Diversity Food Categories 
 
Production 
groups 
      
Production 
items 
    
Grains 
 
Rice, white corn, yellow corn, cassava/camote, lutya, ubi, gabi, 
biga 
  
       
       Fruits 
 Coconut, watermelon, durian, lumboy, camansi, atis, calamansi, 
sambag/tamarind, iba, casuey, chico, anagon, mangosteen, 
avacado, guavas, papaya, jackfruit, banana, abana, seneguelias, 
star-apple, mango, santol, tissa, lanzones, marang, 
baungon/pomelo, pineapple, rambutan, tambis, citrus, 
bamlimbing 
  
  
  
  
  
  
       
       Vegetables 
 
White squash, patola, sayote, sigarillas, ginger, carrots, pechay, 
pantani, raddish, mostasa, potatoes, spinach, tomatoes, peanuts, 
sweat potatoes, eggplant, cucumber, stringbeans, alugbati, 
malunggay, camote tops, beans (mongoes, cowpeas, red/white 
beans), yellow squash, peas, saluyot, kangkong, okra, fadios, 
garbanzos, onion, tajure, ampalaya 
  
  
  
  
  
       
       Animals 
 
Hogs, weaners, layer/chicken for eggs, broilers/chickens for 
meat, chicks, fighting cocks, goat, duck, goose, dog, turkey, and 
kabir 
  
       Misc.  
 
Sugar, rubber, coffee, g-melina, cacao 
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Table 2: Components of Dietary Diversity Food Categories  
 
Food groups 
      
Food items 
    
Grains 
 
Rice, Rice products, Corn products, corn grits, foods made from 
flour, potato, manoic, other products including taro.   
         
Vitamin A rich 
fruits and 
vegetables 
      
 
Sweet potato, camote, kangkong, malunggay, kulitis, saluyot, 
alungbati, sea weed, carrot, tomato, mango, papaya, petsay 
 
      
       
Other fruits and 
vegetables  
Calamarisi, guava, kamatsili, banana, atis, chica, rambutan, 
talong, okra, upo, ampalaya, green papaya, canned fruits and 
vegetables, bamboo, atsal, coconut  
 
              Meat 
 
Fresh fish, dried or smoked fish, shrimp and shellfish, cooked 
meat, innards, processed meat, buro, bird, duck, bagoong patis, 
sardine, pork, beef, carabeef, goat, other meats   
  
              Eggs 
 
Eggs 
              
Pulses/legumes/nuts  
Peanut, dried sitao, fresh sitao, kadios or cowpeas, soy and other 
products, mungbeans and other products 
 
              Milk products 
 
Milk, cheese, magarine 
              Misc. 
 
sugar, cooking oil, milo, salt, coffee, coke, alcholic drinks, other 
beverages, vetsin/MSG, vinegar, pork lard 
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Table 3: Summary Statistics for Estimating DDS 
             
 
Variable Number of Mean  Std. Dev. Min  Max 
  Observations          
 
FVS  844  12.0782 5.454311 1  42 
 
DDS  844  4.936019 1.546643 1  8 
 
Household 844  5.079384 1.782238 2  11 
Size 
 
Per Cap 844  342.5167 180.1452 54.88448 1567.65 
Expenditure 
 
Per Cap 844  206.5223 104.7567 0  696.4351 
Expenditure 
On Food 
 
Mother 844  23.22749 6.044548 12  40 
Education 
 
Min Rice 844  16.37382 0.9855488 15  18 
Price 
 
Min Pork 835  69.83832 11.46641 50  85 
Price 
 
Min Banana 835  0.605988 0.2044765 0.5  1 
Price 
 
Min Talong 844  5.469194 2.956425 1.5  10 
Price  
 
Average Time 789  0.9479954 0.6159741 0.1  3 
To Market 
 
PVS  844  6.704976 4.159846 0  18 
 
PDS  844  2.934834 1.422333 0  7   
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Table 4: Summary Statistics for Estimating PDS        
Variable Number of Mean  Std. Dev. Min  Max 
  Observations          
 
PVS   328  7.088415 4.358701 0  18 
 
PDS   328  3.152439 1.480121 0  7 
 
Garden   328  11.91509 27.34135 0  225 
   Size 
 
Irrigation  328  0.0640244 0.2451704 0  1 
  
Soil Quality  202  1.70297  0.5561873 1  3 
 
Slope   202  1.509901 0.5561873 1  4 
 
Avg Distance  307  12.83872 8.712655 3.494444 52.5 
   to Market  
 
Size of Plot  328  0.6796491 1.038801 0  10 
In Hectares  
 
Weighted Avg     136  0.1215161 0.315162 0  1 
Irrigation 
 
Weighted Avg     136  1.697259 0.5557615 0.8571429 3 
Soil Quality 
 
Weighted Avg     136  1.52222  0.6970048 0  4  
Slope 
 
Weighted Avg     136  0.0529372 0.2155981 0  1 
Poor Soil 
Quality 
 
Weighted Avg     136  0.1011062 0.2801208 0  1 
Poor Slope 
 
Poor Soil      328  0.0304878 0.172188 0  1 
Quality 
 
Poor Slope   328  0.0579268 0.233962 0  1 
 
Total Land      328  1.327824 1.846017 0  10 
Area 
 
Number of   328  1.52439  0.8086022 0  4 
Plots 
 
Average     328  6.85598  0.2176951 6.4  7.154545 
Yellow Corn 
Price             
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Table 5:  Plot Level Estimation of PDS 
  (1) (2) 
     
 wa Irrigation -0.103 -0.0666 
 
(0.0917) (0.0860) 
wa Soil Quality -0.0136 
 
 
(0.0514) 
 wa Slope -0.00985 
 
 
(0.0388) 
 wa Poor Soil Quality 
 
0.203* 
  
(0.118) 
wa Poor Slope 
 
0.0149 
  
(0.0874) 
Ln Garden Size 0.0671*** 0.0720*** 
 
(0.0187) (0.0176) 
Ln Yellow Corn Price 0.640 0.731 
 
(0.786) (0.761) 
Ln Avg Distance to Market -0.0878* -0.0813* 
 
(0.0469) (0.0479) 
Head Minority 0.0400 0.0537 
 
(0.0934) (0.0963) 
Adult Equivalents -0.0168 -0.0125 
 
(0.0276) (0.0273) 
Household Head Education -0.00338 -0.00229 
 
(0.00816) (0.00824) 
Ln Total Expenditures/Capita -0.0703 -0.0600 
 
(0.0667) (0.0646) 
Number of Plots 0.167*** 0.157*** 
 
(0.0407) (0.0405) 
Household Head Age 0.0141*** 0.0130*** 
 
(0.00365) (0.00386) 
Total Land Area -0.0666* -0.0498 
 
(0.0370) (0.0372) 
Constant 0.611 0.168 
 
(1.607) (1.542) 
   Observations 135 135 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 6: Final Specification for PDS 
  (1) 
     
Ln Garden Size 0.0858*** 
 
(0.0152) 
Ln Yellow Corn Price 1.183 
 
(0.741) 
Ln Avg Distance to Market -0.114*** 
 
(0.0401) 
Household Head Minority 0.105 
 
(0.0840) 
Adult Equivalents  -0.0354 
 
(0.0234) 
Household Head Education -0.000590 
 
(0.00708) 
Ln Total Expenditures/Capita -0.0771 
 
(0.0539) 
Number of Plots 0.0978*** 
 
(0.0352) 
Household Head Age 0.0152*** 
 
(0.00354) 
Ln Total Land Area 0.0395*** 
 
(0.00576) 
Constant -1.298 
 
(1.470) 
  Observations 229 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
56 
Table 7: Estimation of DDS Using !"# and PDS 
 
  (1) (2) (3) 
         
Household Size 0.0630 0.0630 0.0530 
 
(0.0635) (0.0635) (0.0618) 
Household Size2 -0.00676 -0.00676 -0.00617 
 
(0.00555) (0.00555) (0.00549) 
Minimum Rice Price 0.0123 0.0123 0.00892 
 
(0.0192) (0.0192) (0.0192) 
Minimum Pork Price -0.00622*** -0.00622*** -0.00612*** 
 
(0.00175) (0.00175) (0.00171) 
Minimum Talong Price -0.00181 -0.00181 -0.00179 
 
(0.00685) (0.00685) (0.00684) 
Minimum Banana Price 0.0119 0.0119 -0.0109 
 
(0.0879) (0.0879) (0.0863) 
Average Time to Market -0.0508 -0.0508 -0.0300 
 
(0.0367) (0.0367) (0.0346) 
Minority 0.0463 0.0463 0.0403 
 
(0.0552) (0.0552) (0.0578) 
Gender -0.00901 -0.00901 -0.0121 
 
(0.0192) (0.0192) (0.0190) 
Mother's Education -0.00576 -0.00576 -0.00531 
 
(0.00718) (0.00718) (0.00684) 
Age 0.00497** 0.00497** 0.00528*** 
 
(0.00197) (0.00197) (0.00185) 
Age2 -3.32e-05 -3.32e-05 -4.02e-05 
 
(3.95e-05) (3.95e-05) (3.65e-05) 
Ln Expenditures 0.124*** 0.124*** 0.121*** 
 
(0.0458) (0.0458) (0.0453) 
PDS hat Poisson 0.0190 
  
 
(0.0181) 
  PDS hat NB 
 
0.0190 
 
  
(0.0181) 
 PDS 
  
-0.00112 
   
(0.0118) 
Constant 0.775 0.775 0.940* 
 
(0.503) (0.503) (0.499) 
    Observations 738 738 780 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 8: DDS Estimated Using Only Data on Children Age 0-5 Years 
 
  (1) (2) 
     
 Household Size 0.00954 -0.0196 
 
(0.0594) (0.0577) 
Household Size2 -0.00272 -0.000752 
 
(0.00449) (0.00439) 
Minimum Rice Price 0.0319 0.0232 
 
(0.0283) (0.0274) 
Minimum Pork Price -0.00787** -0.00835*** 
 
(0.00316) (0.00289) 
Minimum Talong Price -0.00546 -0.00349 
 
(0.0125) (0.0119) 
Minimum Banana Price -0.103 -0.140 
 
(0.185) (0.172) 
Average Time to Market -0.0331 0.00370 
 
(0.0509) (0.0462) 
Minority 0.0553 0.0453 
 
(0.107) (0.114) 
Gender 0.0447 0.0469 
 
(0.0388) (0.0388) 
Mother's Education -0.0127 -0.0123 
 
(0.0115) (0.0113) 
Age 0.292*** 0.308*** 
 
(0.0593) (0.0565) 
Age2 -0.0435*** -0.0453*** 
 
(0.00984) (0.00946) 
Ln Expenditures 0.0615 0.0619 
 
(0.0644) (0.0639) 
PDS hat 0.0466* 
 
 
(0.0284) 
 PDS 
 
0.00899 
  
(0.0193) 
Constant 0.857 1.197* 
 
(0.684) (0.671) 
   Observations 236 249 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 9: Estimation of Length-for-age Using !"# and PDS 
 
  (1) (2) 
     
 Household Size -0.972 -0.922 
 
(0.755) (0.934) 
Household Size2 0.0523 0.0518 
 
(0.0594) (0.0703) 
Minimum Rice Price 0.425 0.644* 
 
(0.326) (0.355) 
Minimum Pork Price -0.00796 0.0115 
 
(0.0246) (0.0266) 
Minimum Talong Price 0.0638 -0.0219 
 
(0.107) (0.116) 
Minimum Banana Price 2.434 2.728 
 
(1.607) (1.671) 
Average Time to Market -0.185 -0.504 
 
(0.532) (0.505) 
Minority 0.118 -0.214 
 
(1.185) (1.224) 
Gender -0.315 -0.0429 
 
(0.467) (0.503) 
Mother's Education 0.118 0.189* 
 
(0.0926) (0.110) 
Ln Expenditures 0.887 0.547 
 
(0.577) (0.566) 
PDS hat 0.507* 
 
 
(0.299) 
 PDS  
 
0.0656 
  
(0.298) 
Constant -13.12* -14.54** 
 
(7.210) (7.179) 
   Observations 233 246 
R-squared 0.101 0.070 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Figure 1: Global Hunger Trends  
 
 
Data Obtained from FAO: Hunger (2011). 
 
 
 
 
 
 
Figure 2: Possible Farming Scenarios  
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Figure 3: Receiver Operator Curve Analysis for DDS Using PDS 
 
 
 
 
Figure 4: Receiver Operator Curve Analysis for DDS Using Expenditures Per Capita 
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Figure 5: Receiver Operator Curve Analysis for DDS Using Total Expenditures  
 
 
 
Figure 6: Receiver Operator Curve Analysis for Length-for-age Z-score Using Total 
Expenditures 
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Figure 7: Receiver Operator Curve Analysis for Length-for-age Z-score Using DDS 
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Appendix A 
 
 
Production Variety Score Validity Test 
 
 
 The results for the Production Variety Score (PVS) should be similar to those of 
Production Diversity Score (PDS).  The magnitude of the results will vary, mainly due to using 
an Ordinary Least Squares (OLS) instead of the Poisson model used to estimate the PDS.  The 
PVS will be used as an alternative measure of farm biodiversity and will act as a validity test for 
PDS. 
 Table 10 shows the results using weighted averages of plot level data for estimating PVS.  
The results are similar to those found using PDS as the dependent variable.  In this specification 
the weighted averages on plot level characteristics remain insignificant.  Moreover, the signs of 
the coefficients do not change.  
 Table 11 shows the results of the final model used to estimate PVS.  The model yield 
similar results to those obtained with PDS.  The signs of the coefficients do not change, however, 
in this specification the coefficient on household head minority is significant and positive.  When 
estimating PDS, this coefficient is positive but is not significant in the model.   
 Overall, the results using PVS or PDS as the dependent variable agree.  The magnitudes 
of the coefficients vary, but this is due to the log-linear Poisson model estimation of PDS while 
PVS is estimating using a linear model.  It is encouraging that the signs of the coefficients do not 
change and the significance levels remain similar.  This provides evidence that PDS is a valid 
measure of farm-biodiversity.   
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Table 10: Plot Level Estimation of PVS 
  (1) (2) 
   
  wa Irrigation -1.343 -1.099 
 
(1.092) (1.064) 
wa Soil Quality -0.365 
 
 
(0.515) 
 wa Slope -0.106 
 
 
(0.402) 
 wa Poor Soil Quality 
 
0.680 
  
(1.294) 
wa Poor Slope 
 
-0.178 
  
(1.019) 
Ln Garden Size 1.181*** 1.224*** 
 
(0.235) (0.238) 
Ln Yellow Corn Price 5.770 5.991 
 
(9.420) (9.249) 
Ln Avg Distance to  Market -1.194** -1.174** 
 
(0.484) (0.491) 
Head Minority 1.572 1.611 
 
(1.593) (1.615) 
Adult Equivalents -0.226 -0.200 
 
(0.316) (0.317) 
Household Head Education -0.0624 -0.0581 
 
(0.0948) (0.0951) 
Ln Total Expenditures/Capita -0.447 -0.351 
 
(0.804) (0.807) 
Number of Plots 1.363** 1.303** 
 
(0.601) (0.609) 
Household Head Age 0.190*** 0.185*** 
 
(0.0548) (0.0581) 
Total Land Area -0.436 -0.352 
 
(0.405) (0.454) 
Constant -1.504 -4.082 
 
(19.72) (19.81) 
   Observations 135 135 
R-squared 0.345 0.343 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 11: Final Specification PVS 
  (1) 
     
Ln Garden Size 1.178*** 
 
(0.161) 
Ln Yellow Corn Price 4.159 
 
(8.222) 
Ln Avg Distance to Market -1.046*** 
 
(0.369) 
Household Head Minority 1.931* 
 
(1.101) 
Adult Equivalents  -0.338 
 
(0.228) 
Household Head Education -0.0614 
 
(0.0730) 
Ln Total Expenditures/Capita -0.329 
 
(0.554) 
Number of Plots 0.952* 
 
(0.493) 
Household Head Age 0.157*** 
 
(0.0409) 
Ln Total Land Area 0.159*** 
 
(0.0554) 
Constant -3.925 
 
(16.72) 
  Observations 229 
R-squared 0.327 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Appendix B 
 
 
Food Variety Score Validity Test 
 
 
Similar to PVS and PDS, one would assume that the results for the Food Variety Score 
(FVS) and Dietary Diversity Score (DDS) would be similar.  Again, the magnitude of the results 
will vary, mainly due to using an Ordinary Least Squares (OLS) instead of a Poisson model used 
to estimate the DDS.  The FVS will be used as an alternative measure of dietary quality and will 
act as a validity test for DDS.  
 Table 12 shows the results of estimating FVS with PDS.  The results are similar to those 
found when using DDS as the dependent variable.  In this model the mother’s education and age2 
are both negative and significant in the model.  The negative coefficient on mother’s education is 
not one that is expected.  It is possible that as mother’s education increases, the focus may 
instead be on increasing overall calorie intake to ensure that individuals are meeting daily energy 
requirements instead of increasing the diversity of the diets of the individuals in those 
households.  
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Table 12: FVS Estimated Using !"# and PDS 
  (1) (2)  
     
  Household Size 1.317 1.117 
 
 
(0.904) (0.856) 
 Household Size2 -0.118 -0.106 
 
 
(0.0778) (0.0743) 
 Minimum Rice Price 0.290 0.175 
 
 
(0.361) (0.362) 
 Minimum Pork Price -0.106*** -0.111*** 
 
 
(0.0358) (0.0345) 
 Minimum Talong Price -0.0401 -0.0356 
 
 
(0.141) (0.138) 
 Minimum Banana Price -0.412 -0.630 
 
 
(1.845) (1.787) 
 Average Time to 
Market -0.774 -0.498 
 
 
(0.523) (0.496) 
 Minority 0.107 0.0625 
 
 
(0.736) (0.752) 
 Gender 0.384 0.378 
 
 
(0.304) (0.300) 
 Mother's Education -0.222* -0.205* 
 
 
(0.123) (0.118) 
 Age 0.244*** 0.251*** 
 
 
(0.0286) (0.0284) 
 Age2 -0.00315*** -0.00321*** 
 
 
(0.000592) (0.000611) 
 Ln Expenditures 2.910*** 2.833*** 
 
 
(0.773) (0.752) 
 PDS hat 0.290 
  
 
(0.321) 
  PDS 
 
-0.0309 
 
  
(0.201) 
 Constant -10.10 -5.942 
 
 
(8.040) (8.065) 
 
    Observations 738 780 
 R-squared 0.249 0.239 
 Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Appendix C 
 
 
Production Diversity and Variety and 
Weight-for-Age and Weight-for-Length Z-
Scores 
 
 
PDS does not have a significant impact on weight-for-age and weight-for-length Z-scores 
in children in Bukidnon, Philippines.  Table 13 shows the results for weight-for-age Z-scores.  In 
this specification the minimum price of talong is the only variable included in the model that has 
a significant impact on the weight-for-age Z-scores and then only at a 10% level. 
 Table 14 shows the results for weight-for-length Z-scores.  In this model, the minimum 
price of talong and bananas as well as inclusion in a minority group have a significant impact on 
weight-for-length Z-scores.  It is discouraging to see that inclusion in a minority groups 
negatively and significantly impact weight-for-length Z-scores.  In both of these models, both the 
estimated PDS and observed PDS are not significant.  
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Table 13: Weight-for-age Z-scores Using !"# and PDS 
  (1) (2) 
     
 Household Size -0.678 -0.294 
 
(0.687) (0.916) 
Household Size2 0.0341 0.00784 
 
(0.0552) (0.0685) 
Minimum Rice Price 0.347 0.579 
 
(0.311) (0.359) 
Minimum Pork Price -0.0161 0.00325 
 
(0.0262) (0.0277) 
Minimum Talong Price 0.199* 0.123 
 
(0.102) (0.107) 
Minimum Banana Price 0.535 0.946 
 
(1.566) (1.549) 
Average Time to Market 0.0356 -0.309 
 
(0.483) (0.469) 
Minority -0.797 -1.068 
 
(0.896) (0.959) 
Gender -0.0974 0.227 
 
(0.362) (0.430) 
Mother's Education 0.0498 0.122 
 
(0.0740) (0.0945) 
Ln Expenditures 0.726 0.364 
 
(0.536) (0.544) 
PDS hat 0.266 
 
 
(0.238) 
 PDS 
 
-0.173 
  
(0.311) 
Constant -9.699 -12.30* 
 
(7.158) (7.066) 
   Observations 233 246 
R-squared 0.096 0.062 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 
 
 
 
 
74 
Table 14: Weight-for-length Z-scores Using !"# and PDS. 
  (1) (2) 
     
 Household Size 0.103 0.264 
 
(0.319) (0.288) 
Household Size2 -0.0119 -0.0236 
 
(0.0258) (0.0236) 
Minimum Rice Price -0.00538 -0.00702 
 
(0.213) (0.212) 
Minimum Pork Price -0.00836 -0.00857 
 
(0.0205) (0.0194) 
Minimum Talong Price 0.202*** 0.198*** 
 
(0.0749) (0.0700) 
Minimum Banana Price -1.811* -1.631* 
 
(1.032) (0.927) 
Average Time to Market 0.194 0.129 
 
(0.226) (0.211) 
Minority -1.271* -1.188* 
 
(0.697) (0.700) 
Gender 0.118 0.121 
 
(0.162) (0.152) 
Mother's Education -0.0574 -0.0558 
 
(0.0392) (0.0377) 
Ln Expenditures 0.259 0.237 
 
(0.401) (0.381) 
PDS hat -0.0655 
 
 
(0.131) 
 PDS 
 
-0.118 
  
(0.0923) 
Constant -1.064 -1.258 
 
(5.420) (4.977) 
   Observations 233 245 
R-squared 0.123 0.131 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 
 
